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^ 20.2751 

WHAT IS CLAIMED IS: 

1 . An apparatus for monitoring a characteristic of a reservoir, comprising: 

a tubular having an elongated body with a longitudinal axis, the tubulaj/being 

adapted for permanent disposal within a borehole traversing the reservoir; 
at least one antenna disposed on the exterior of the tubular, each at leasjfe^one antenna 
having an axis and being adapted for transmission and/pr reception of 
electromagnetic energy; 
the at least one antenna being disposed on the tubular such tydt its axis is tilted with 

respect to the axis of the tubular; and 
means to activate the at least one antenna to transmit a^cl/or receive electromagnetic 
energy. 

The apparatus of claim 1, wherein the j^ervoincharacteristic is resistivity. 



e rese 



3. The apparatus of claim 1 5 wherein at lea?f two antennas are disposed on the exterior 
of the tubular such that their axes are tnted with respect to the axis of the tubular. 

4. The apparatus of claim 1 5 the tuKular further comprising at least one^statio^ having a 
reduced diameter such that access is formed about its external circumference, the at 
least one antenna being disposed in a recessed station. 

5. The apparatus of claim 1, wherein an insulating material is disposed between the 
tubular body ancLeach at least one antenna disposed thereon. 

6. The apparatus of claim 1, further comprising a shield positioned on the exterior of the 
tubular to surround at least one antenna disposed thereon. 

7. The apparatus of claim 6, wherein the shield is formed of a material providing 
transparency to electromagnetic energy. 
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8. The apparatus of claim 6, wherein the shield is metajiu; and has at least one slot 
formed therein. 

9. The apparatus of claim 1, the tubular further comprising at least one slot formed along 
its elongated body, wherein ^rOlea^r one antenna is disposed on the tubular in 
alignment with the at least one sk ' 

10. The apparatus of claim/f, further comprising a wireline coupled to the at least one 
antenna, the wirelin^adapted to carry a signal from or to the antenna. 
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11. An apparatus for monitoring a characteristic of a reservoir, comprising: 

a tubular having an elongated body with aidngitudinal axis, the tubular being 
adapted for permanent disposal within^oorehole traversing the reservoir; 
*Y at least one antenna disposed on tbdexterior of the tubular, each at least one antenna 
^ being adapted to transmit^id/or receive electromagnetic energy; and 

means to activate the affeast one antenna to selectively steer the sensing direction of 



XL 



the tran<;iriitted^nd/or received electromagnetic energy. 



12. The apparatus of claim 11, wherein the reservoir characteristic is resistivity. 



13. 



14. 



15. 



The apparatus of claim 11, wherein the at least one antenna comprises a plurality of 
coils having iW-parallel axes. 

The apparatus onclaim 1 1 , the tubular further comprising at least one station having a 
reduced diameter sych that a recess is formed about its external circumference, the at 
least one antenna bekig disposed in a recessed station. 

The apparatus of clain\ll, wherein an insulating material is disposed between the 
tubular body and the at leW one antenna disposed thereon. 
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1 16. The apparatus of claim 11, further comprising a shield positioned on the exterior of 

2 the tubular to surround the at least one antenna disposed thereon. 

3 \ 

4 17. The apparatus of claim 16, wherein the shield is formed of a material providing 

5 transparency ud electromagnetic energy. 

6 \ 

7 18. The apparatus onflaim 16, wherein the shield is metallic and has at least one slot 

8 formed therein. 

9 

io 19. The apparatus of claimUl, the tubular further comprising at least one slot formed 

l i along the elongated body\wherein the at least one antenna is disposed on the tubular 

12 in alignment with the at leastone slot. 
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20. The apparatus of claim 11, furtner comprising a wireline coupled to the at least one 
antenna, the wireline adapted to can^ a signal from or to the antenna. 

2lNv An apparatus for monitoring a characteristic of a reservoir, comprising: 

a tubular having an elongated body with a longitudinal axis, the tubular being 

adapted for permanent disposal within a borehole traversing the reservoir; 
the tubular having at least on\ sjfl£ formed along its elongated body; 



exterior of the tubular, each at least one antenna 
/or reception of electromagnetic energy; 
disposed on the tubular in alignment with the at 



; on^ 

at least one antenna disposed < 

being adapted for transmissi^ 
wherein the at least one anter 

least one slot; and 

means to activate the at least one anllgnna to transmit and/or receive electromagnetic 
energy. 

22. The apparatus of claim 21, wherein the res\rvoir characteristic is resistivity. 
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1 23. The apparatus of\claim 21, the tubular further comprising at least one station having a 

2 reduced diameter siuch that a recess is formed about its external circumference, the at 

3 least one antenna beijpg disposed in a recessed station. 

4 

5 24. The apparatus of clairA21, wherein an insulating material is disposed between the 

6 tubular body and each at l^ast one antenna disposed thereon. 

7 

8 25. The apparatus of claim 21,lbrther comprising a shield positioned on the exterior of 

9 the tubular to surround at leasqpjje antenna disposed thereon. 

10 

n 26. The apparatus of claim 25, fcvlj&j'&n the shield is formed of a material providing 
^ 12 transparency to electromagnetic en^fgy. 

^ H 27. The apparatus of claim 25, wherein ^ie shield is metallic and has at least one slot 
^ 15 formed therein. 

: a» 

SJ 16 

^ 17 28. The apparatus of claim 21, wherein at lea& two antennas are disposed on the tubular 
^ is such that each antenna is in alignment with ^lot formed on the tubular. 

fc£ 19 

]ij 20 29. The apparatus of claim 21, further comprising \ wireline coupled to the at least one 
21 antenna, the wireline adapted to carry a signal froV or to the antenna. 
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23 No. An apparatus for monitoring a characteristio^of a reservoir, comprising: 

24 a tubular having an elongated bod)/with a longitudinal axis, the tubular being 

25 adapted for permanent disposaLwithin a borehole traversing the reservoir; 

26 at least one saddle coil m&jgfsed on the exterior of the tubular, each at least one 

27 saddle coil being adapted for transmission and/or reception of electromagnetic 

28 energy; and 

29 means to activate the at least one saddle coil to transmit and/or receive 

30 electromagnetic energy. 
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The apparatus of claim 30, wherein the reservoir characteristic is resistivity. 




The apparatus of claim 30, the tubular further comprising at least one station having a 
reduced diameter such that a recess is formed about its external circumference, the at 
least one saddle coil being disposed in a recessed station. / 

The apparatus of claim 30, further comprising a shield positioned on the exterior of 
the tubular to surround at least one saddle coil disposed thereon. 

The apparatus of claim 33, wherein the shield is formed of a material providing 
transparency to electromagnetic energy. / 



The apparatus of claim 33, wherein tl^e^ielp is metallic and has at least one slot 
formed therein. / 

The apparatus of claim 30, wherein the tubular comprises a plurality of overlaid coils 
mounted on the exterior of the tubular. 

The apparatus of claim 30, fiirther comprising a wireline coupled to the at least one 
saddle coil, the wireline ad^ted to carry a signal from or to the coil. 

A method for monitoring a reservoir characteristic, the reservoir being traversed by a 

borehole, comprising: 
disposing a tubular within the borehole, the tubular having an elongated body with a 
longitudinal axis, the tubular being adapted for permanent disposal within the 
borelwrfe and having at least one antenna disposed on the exterior of the tubular, 
eacn at least one antenna having an axis and being adapted for transmission and/or 
reception of electromagnetic energy; 
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1 disposing the at least one antenna on the tubular such that its axis is tilte^Kwith 

2 respect to the axis of the tubular; and 

3 activating the at least one antenna to transmit and/or receive electromagnetic energy. 

4 

5 39. The method of claim 38, wherein the reservoir characteristic is resistivity. 

6 

7 40. The method of claim 38, comprising disposing at least two antennas on the exterior of 

8 the tubular such that their axes are tilted with respect to tjae axis of the tubular. 

9 

10 41. The method of claim 38, the tubular further composing at least one station having a 

1 1 reduced diameter such that a recess is formed about its external circumference, the at 

12 least one antenna being disposed in a recessed/station. 



14 42. The method of claim 38, whereifr an /nsulating material is disposed between the 

Vet / 

*g 15 tubular body and each at least one antenna disposed thereon. 

^ 17 43. The method of claim 38, further comprising mounting a shield to the exterior of the 

ig tubular, the shield positione^io surround at least one antenna disposed thereon. 

Li 19 

J 20 44. The method of claim/43, wherein the shield is formed of a material providing 

~J - / 

□ 21 transparency to elecj/omagnetic energy. 

22 

23 45. The method of claim 43, wherein the shield is metallic and has at least one slot 

24 formed therein. 

25 

26 46. The method of claim 38, the tubular further comprising at least one slot formed along 

27 the ^elongated body, wherein the at least one antenna is disposed on the tubular in 

28 alignment with the at least one slot. 

29 
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i 47. The method of claim 38, furth^c^ja^rising mounting a wireline on the outer surface 

2 of the tubular and connecting tbe at least one antenna to the wireline 

3 

r" N \^8. A method for monitoring a characteristic of a reservoir, the reservoir being traversed 

5 by a borehole, comprising: 

6 disposing a tubular within the borehdle, the tubular having an elongated body with a 

7 l° n §* tuc ^ na l ax * s ad^ted for permanent disposal within the borehole; 

8 ^^yaisposing at least onp^antenna on the exterior of the tubular, each at least one 

9 antenna bein&adapted to transmit and/or receive electromagnetic energy; and 

10 selectively^steering the sensing direction of the transmitted and/or received 
jj ola(5nx)magnetic energy. 

12 \ 

13 49. The raethod of claim 48, wherein the reservoir characteristic is resistivity. 
P \ 

is 50. The method of claim 48, wherein the at least one antenna comprises a plurality of 

16 coils havingVon-parallel axes. 

17 \ 

18 51. The method of\laim 48, the tubular further comprising at least one station having a 

19 reduced diameter\uch that a recess is formed about its external circumference, the at 

20 least one antenna being disposed in a recessed station. 

21 \ 

22 52. The method of claim \8, wherein an insulating material is disposed between the 

23 tubular body and the at leVt one antenna disposed thereon. 

24 \ 

25 53. The method of claim 48, funher comprising mounting a shield to the exterior of the 

26 tubular, the shield being positioned around the at least one antenna. 

27 \ 

28 54. The method of claim 53, whereV the shield is formed of a material providing 

29 transparency to electromagnetic ener^. 



30 ^ 
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55. The mefkod of claim 53, wherein the shield is metallic and has at least one slot 
formed therein. 

56. The method of claim 48, the tubular further comprising at least one slot formed along 
the elongated bod\ wherein the at least one antenna is disposed on the tubular in 
alignment with the at^ast one slot. 



57. The method of claim 48, rtorther comprising mounting a wireline on the outer surface 
of the tubular and connecting the at least one antenna to the wireline. 



5& 



A method for monitoring a reservoir characteristic, the reservoir being traversed by a 
orehole, comprising 

disposing a tubular Vithin the borehole, the tubular having an elongated body with a 
longitudinal axis, the tubular being adapted for permanent disposal within the 
borehole and havingVt least one slot formed along its elongated body with at least 
one antenna disposed Vn the exterior of the tubular in alignment with the at least 
one slot, each at least one afft^pna being adapted for transmission and/or reception 
of electromagnetic energV; 
activating the at least one Jrtenna^to transmit and/or receive electromagnetic energy. 



59. The method of claim 58, whereimthe reservoir characteristic is resistivity. 

60. The method of claim 58, whereinXhe tubular further comprises at least one station 
having a reduced diameter suchXthat a recess is formed about its external 
circumference, the at least one antenn&being disposed in a recessed station. 



61. The method of claim 58, wherein an insulating material is disposed between the 
tubular body and each at least one antennaldisposed thereon. 
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62. The method of claim 5 & further comprising positioning a shield on the exterior of the 
tubular to surround at least one antenna disposed thereon. 

63. The method of claim 62, wherein the shield is formed of a material providing 
transparency to electromagnets energy. 



64. The method of claim 62, wher 
formed therein. 



the shield is metallic and has at least one slot 



65. The method of claim 58, wherein at lea-st two antennas are disposed on the exterior of 
the tubular such that each antenna is in Ijjgnment with at least one slot formed on the 
tubular. 

66. The method of claim 58, further comprisingVcoupling a wireline to the at least one 
antenna, the wireline adapted to carry a signal njpm or to the antenna. 
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67\^ A method for monitoring a characteristic of a reseryenr, the reservoir being traversed 
by a borehole, comprising: 
disposing a tubular within the borehole./tfie tubular having an elongated body with a 
longitudinal axis, the >tubular hefng adapted for permanent disposal within the 
borehole and having a^fea^one saddle coil disposed on its exterior, each at least 
one saddle coil being^^fapted for transmission and/or reception of electromagnetic 
energy; and 

activating th§/2it least one saddle coil to transmit and/or receive electromagnetic 
energy, 



68. 



le method of claim 67, wherein the reservoir characteristic is resistivity. 
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69. The method of claim 67, wherein the tubular further comprises at le^t one station 
having a reduced diameter such that a recess is formed ajgfout its external 
circumference, the at least one saddle coil being disposed in a recessed station. 



70. The method of claim 67, further comprising positioning^ shield on the exterior of the 
tubular to surround at least one saddle coil disposejHhereon. 

71. The method of claim 70, wherein tKa^rnield is formed of a material providing 
transparency to electromagnetic enere 

72. The method of claim 70, wjaerein the shield is metallic and has at least one slot 
formed therein. 

73. The method of craim 67, further comprising overlaying a plurality of coils on the 
exterior of thp'fubular. 

74. The itfethod of claim 67, further comprising coupling a wireline to the at least one 
saadle coil, the wireline adapted to carry a signal from or to the coil. 
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